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Abstract 
 
The paper contains CCT diagrams presenting a transformation kinetics of under-cooled austenite from two new bainitic cast steels 
which the scissors crossovers for heavy-duty railway tracks (min. 230kN/axle) at the speed up to 200 km/h are made of.  The cooling 
ranges of UIC60 type railway tracks plot on the CCT diagrams indicate that there is a 100% bainitic structure in the scissors crossovers 
made of these cast steels as well, but mainly it would be a favourable for cracking resistance lower bainite. The achievable hardness of 
scissors crossovers made of new materials make it possible to use high–temperature tempering resulting in obtaining of good crack 
resistance. However one should provide a good quality of castings made. 
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1. Introduction 
 
Complying with the Decision no 1692/96 of the European 
Parliament and of the Council of 23.07.1996 to upgrade the trans-
European conventional rail network to be equipped for speeds of 
the order of 200 km/h with axle load not less than 230 kN, most 
of Rail Tracks Boards use high-manganese cast steel for scissors 
crossovers (ca. 13% of Mn). The problem occurring during usage 
of this cast steel is welding of a rail track having a pearlite 
structure with high-manganese scissors crossovers of austenitic 
structure. It requires to use special separator from austenitic steel 
(Cr-Ni) with a cross section of a rail track making possible to join 
a rail track and the scissors crossovers together. Moreover, it is 
very hard to weld the steels with highly different microstructure 
and the chemical composition [1]. More and more common usage 
of steels with bainitic structure [2÷4] to produce the heavy-duty 
rail tracks encourages to investigate the possibility to use similar 
materials for scissors crossovers in a form of monolithic cast 
blocks as well. Apart from all built-up issues concerning proper 
casting of monoblock from bainitic cast steel, the paper focuses 
on correct design of chemical composition of such material. The 
best verification of project study are CCT diagrams made for test 
casts [5÷7]. 
 
 
2. Principles of chemical compositions 
design of bainitic cast steel for cast 
scissors crossovers 
 
The principles are compiled and described in work [8]. In case 
of these study the following was followed: 1.  Principle of sufficient bainitic hardenability; 
2.  Criterion of bainitic start temperature BS; 
3.  Criterion of martensitic start temperature MS;  
4.  Influence of alloying elements on hardness decrease 
along with tempering temperature; 
5.  Price of alloying elements. 
 
The principle of sufficient bainitic hardenability in relation to 
monoblock of scissors crossover was interpreted in the way that in 
its whole cross section there should be bainite (mainly the lower 
bainite) present. On the basis of data presented in works [9,10] the 
composition of such cast steel should contain first of all 
molybdenum [10], manganese [11] and chromium [12]. 
The criterion of bainitic start temperature BS indicates [8] that 
favourable elements of cast steel compositions are the elements 
that far most reduce the bainitic start temperature. According to 
data [10÷13] it is carbon, manganese, molybdenum and 
chromium. 
Above mentioned elements have similar influence on location 
of martensitic start temperature Ms as well. Yet since a new 
material (cast steel) should be characterised by as high as possible 
MS temperature, according to [10÷13] it should contain as little as 
possible of carbon, manganese and molybdenum while more of 
nickel, chromium and silicon. 
 
For reducing the decrease of cast steel hardness with 
tempering temperature in accordance with [10÷13] the best are 
silicon, nickel, chromium and molybdenum. However, from 
current prices of alloying elements, manganese, silicon and 
chromium should be preferred. 
Considering available data bases on the influence of Mn, Si, 
Cr, Ni, Mo and C on the criteria mentioned previously the 
chemical compositions of two cast steels of bainitic class, which 
can be used for both bainitic rail tracks and for cast scissors 
crossovers with bainitic structure, using pro-STAL software were 
designed. The first one received working name RR1 and the 
second S1A. 
 
 
3. Kinetics of Phase transformations of 
under-cooled austenite (CCT 
diagrams) of new bainitic materials 
for cast scissors crossovers 
 
Figures 1 and 2 present CCT diagrams of the two new bainitic 
cast steels, which can be used for cast scissors crossovers. These 
are low-carbon materials, Mn-Cr-Mo-V. The material with 
working name RR1 is nickel free, while S1A contains 
insignificantly higher nickel content. There are the ranges of air 
cooling curves (shaded areas) plot on CCT diagrams that were 
realised on a cross section of UIC60 rail track. The data come 
from works [14 and 15]. 
Critical temperature data Ac1s, Ac1f and Ac3 plot on CCT 
diagrams indicate that designed cast steel grades are easy-
processed, because the temperatures of complete normalizing and 
bainitic hardening are 885°C ÷ 890°C (Ac3 + 50°C). 
 
Fig. 1. CCT diagrams of low-carbon steel, Mn-Cr-Mo-V (nickel free) anticipated for cast scissors crossovers. Shaded area includes the 
ranges of air cooling curves, realised  on a cross section of UIC60 type rail track 
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air cooling curves, realised on a cross section of UIC60 type rail track 
 
 
High Ms temperatures – 355°C and 360°C practically eliminate 
the appearance of hardening cracks in scissors crossovers made 
even then if they were hardened to martensite. 
Observing the ranges of air cooling of UIC60 rail tracks 
(shaded areas on CCT diagrams), experimentally determined 
during research [14,15], one may be sure that in scissors 
crossovers cast from any of the two new materials, during their 
cooling in air from 885°C ÷ 890°C, a bainitic structure will be 
created as well.  
Insignificantly better bainitic hardenability of S1A steel 
finding expression in longer for about 200 sec. time to start the 
bainitic transformation (so called “nose” of that transformation) 
and lower positioned line of the start of bainitic transition Bs 
indicate that there will be higher content of lower bainite in the 
structure of UIC60 rail tracks as well as in the cast scissors 
crossovers from that material. Also their hardness will be 
higher. It is a result of the presence of little amount of nickel in 
chemical composition of S1A steel compared to RR1 steel.  
High crack resistance of lower bainite and the possibility of 
tempering application to scissors crossovers made from S1a cast 
steel at higher temperatures, favours the usage of this material 
for heavy-duty rail tracks elements (scissors crossovers) 
designed for trains with speeds close to 200 km/h. 
High-tempered lower bainite in scissors crossovers cast 
from S1A cast steel most probably will not create a risk of 
cracking of these parts. It is only recommended to do ones best 
to receive as fine as possible primary crystals in these casts and 
their boundaries condition would render difficult as far as 
possible the propagation of inter-crystal cracks. 
 
 
 
 
 
 
4. Conclusions 
 
Designed and proposed low-carbon Mn-Cr-Mo-V materials 
for cast scissors crossovers meet the assumed expectations as 
regards both the structure and hardness. Their structure will be 
100% bainitic with domination of lower bainite, especially in 
S1A cast steel containing low amount of Ni. Predicted on the 
basis of anticipated hardness the high tempering of scissors 
crossovers should ensure a good crack resistance of these parts 
of rail tracks. 
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